The Palaeoproterozoic Usagaran orogenic belt of Tanzania contains the Earth's oldest reported examples of subduction-related eclogite facies rocks. Detailed field mapping of gneisses exposed in the high-grade, eclogite-bearing part of the orogen (the Isimani Suite) indicates a complex deformation and thermal history. Deformation in the Isimani Suite can be broadly subdivided into five events. The first of these (D 1 ), associated with formation of eclogite facies metamorphism, is strongly overprinted by a pervasive deformation (D 2 ) at amphibolite facies conditions, which resulted in the accumulation of high strains throughout all of the exposed Isimani rocks. The geometry of foliations and lineations developed during D 2 deformation are variable and have different shear directions that enable five D 2 domains to be identified. Analysis of these domains indicates a geometrical and kinematic pattern that is interpreted to have formed by strain and kinematic partitioning during sinistral transpression.
Introduction
Eclogite facies rocks formed at low to medium temperatures (<900 o C) and high pressures (>12 kbar) are characteristic of metamorphism within the down-going plate of subduction complexes (Ernst, 1971) . They require low geothermal gradients to form and require sufficiently rapid exhumation rates that preclude retrograde metamorphic overprinting.
Eclogite-facies rocks are relatively common in Phanerozoic orogens and their study has lead to significant advances in the understanding of the thermal-tectonic evolution of subduction systems (Ernst, 1971; Barnicoat and Fry, 1986; Peacock, 1993) and the processes and rates by which metamorphic rocks are exhumed in general (Platt, 1993a; Reddy et al., 1999; Ring et al., 1999) . The fact that no low/medium temperature eclogites older than 2.0 Ga have been found, despite there being large regions of Archaean orogenesis with little or no subsequent reworking (c.f. De Roever, 1956) , suggests that geological processes before this time, either those involved in plate subduction and collision, or the style and rate of exhumation, differed significantly from those that have operated since the Palaeoproterozoic.
The Palaeoproterozoic Usagaran Orogen of Tanzania ( Fig. 1 ) contains eclogite-facies rocks that were metamorphosed to pressures of ~18 kbar and temperatures of ~750 o C at 2000±1 Ma (Möller et al., 1995) . This makes them the oldest known low-medium temperature eclogites, ~100 Ma older than the oldest examples in the Lapland Granulite Belt (Tuisku and Huhma, 1998) . Their mid-ocean ridge basalt (MORB) like immobile element composition led Möller et al. (1995) to suggest that they represented slices of oceanic crust metamorphosed in a subduction system. Thermobarometric, geochemical and geochronological data from these eclogites have already been published (Möller et al., 1995) . However, there is little structural data published from the Usagaran Orogen, and what data there are do not constrain the kinematic evolution of the Usagaran rocks. In this study, we consider the structural evolution of ancient eclogite-bearing rocks from the Usagaran orogen. We present a detailed structural analysis of the Isimani Suite where it is very well exposed in the Great Ruaha River section directly east of the Tanzanian Craton in central Tanzania (Fig. 1 ). This suite of rocks lies ~15 km along strike from the Yalumba Hill eclogites (Fig. 2 ) and contains retrogressed equivalents of high pressure rocks. We also integrate spatial and kinematic structural data with new zircon U-Pb SHRIMP analyses to place temporal constraints on the structural
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Regional Geology
The Usagaran Orogen of central Tanzania is a Palaeoproterozoic orogenic belt that lies directly east of the ~2.7 Ma Tanzanian Craton (Fig. 1) . In the south, the 2.0 Ga Usagaran
Orogen links with a similar sequence of rocks of the Ubendian Orogen of western Tanzania.
These two orogens are considered by some to be equivalent (Meinhold, 1970; Wendt et al., 1972; Gabert and Wendt, 1974; Priem et al., 1979) . However, more recent geochronological information suggests metamorphism in the Ubendian Orogen may be younger (1.95-1.85 Ga) (Lenoir et al., 1994) . To the east and north the Usagaran Orogen becomes progressively reworked in the East African Orogen; a zone of Neoproterozoic (620-690 Ma, Möller et al., 2000; Muhongo et al., 2001 ) orogenesis associated with the collision of East and West
Gondwana (Stern, 1994; Dalziel, 1997) .
The Usagaran Orogen can be subdivided into two major litho-tectonic units; the Isimani Suite and the Konse Group (Fig. 2) . The Isimani Suite, previously referred to as the "Usagaran highly metamorphic rocks" (Whittingham, 1959; Harpum, 1970) , lies to the east of the Konse Group and is a zone of high-grade amphibolite, granulite and eclogite facies rocks. Previous workers have subdivided the Isimani Suite into three "lithodeme" named after their type localities (Mruma, 1989) , which correlate with the "gneiss-amphibolite series" and the "amphibolite-free gneiss series" of Whittingham (1959) and Meinhold (1970) . In detail the Isimani Suite comprises numerous different lithologies. These record a range of different metamorphic assemblages that in part reflect variable degrees of retrograde overprinting, but may also reflect variations in metamorphic conditions throughout the suite. Peak eclogite facies conditions have been constrained at ~750°C and c.18 kbar (Möller et al., 1995) , while similar age granulite facies metamorphism also in the Isimani Suite took place at 780°C and 10 kbar (Mruma, 1989 ). An extensive amphibolite facies metamorphism that overprints these high pressure events has yielded pressure-temperature estimates of 4-6 kbar and 500-700°C (Mruma, 1989) .
In the past, Usagaran gneisses have been interpreted to have a sedimentary origin due to their lateral extent and the presence of kyanite-bearing mica schists (Mruma, 1989) . Mafic rock types have been inferred to be of magmatic origin (Mruma, 1989 ) and trace and rare-earth
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The Konse Group (Meinhold, 1970; Mruma, 1989) , formerly the Konse Series (Whittingham, 1959; Harpum, 1970) , is composed of a stratigraphic succession of seven sedimentary and volcanic formations subsequently metamorphosed at greenschist facies conditions. At its base, the Konse Group unconformably overlies foliated rocks of both the Isimani Suite and the Tanzanian Craton (Whittingham, 1959; Mruma, 1989) .
The deformation history of the Usagaran Orogen is complex. However, very little detailed structural work has been undertaken and no previous studies have considered the kinematic evolution of the Usagaran Orogen. Mruma (1989) , building on the work of Meinhold (1970) , outlined a three-phase deformation history for the Isimani Suite based on foliation and fold relationships. He outlined a first deformation event (D 1 ) that occurred at high pressure conditions. Eclogite and granulite facies mineral assemblages were considered to have developed at this stage. The latter two deformation events were also thought to have affected the Konse Group. The first of these (D 2 /D K1 of Mruma, 1989 ) took place at upper greenschist / lower amphibolite facies conditions and was considered to be the main phase of deformation within the Usagaran Orogen. This deformation was considered to reflect thrusting of the Usagaran Orogen onto the Tanzanian craton. Subsequent D 3 /D K2 deformation involved minor folding and faulting associated with NE-SW compression (Mruma, 1989) .
Previous geochronological constraints on the timing of protolith formation, deformation and metamorphism within the Usagaran Orogen have highlighted the antiquity of the Usagaran protoliths and the importance of Palaeoproterozoic high-grade metamorphism. Depleted mantle Nd model ages of 2.7-3.1 Ga obtained from Usagaran gneisses (Möller et al., 1998) and 2.1-2.5 Ga from post-tectonic granites (Maboko and Nakamura, 1996) suggest that a significant component of Archaean material is common throughout eastern Tanzania.
Coupled thermo-barometric analysis and U-Pb monazite data indicate that eclogite facies (M 1 ) metamorphism took place at 2000±1 Ma ago (Möller et al., 1995) . The Konse Group has been dated by correlation with the Ndembera volcano-sedimentary group of Tanzania (Fig. 2 , Whittingham, 1959; Mruma, 1989) from which whole rock Rb-Sr data yielded an age of 1895±27 Ma (age recalculated from Wendt et al., 1972 , using the decay constant of Steiger Wendt et al., 1972) and K-Ar biotite ages range from c. 500-3200 Ma (Wendt et al., 1972; Gabert and Wendt, 1974) . Gabert and Wendt (1974) noted that within this range there was a general southeastward younging in ages away from the Tanzanian craton, which they interpreted as resetting by a late Neoproterozoic thermal event associated with the East African Orogen.
Discordant U-Pb rutile ages from retrogressed eclogites-facies rocks with a lower intercept of 501±26 Ma support the presence of a Neoproterozoic thermal overprint (Möller et al., 1995) .
Rock types of the Isimani Suite
The Isimani Suite comprises highly metamorphosed and deformed gneisses. The gneisses are dominated by amphibolite facies mineral assemblages but locally granulite and eclogite facies rocks are preserved. Greenschist facies mineral assemblages locally overprint higher grade metamorphic assemblages. A detailed description of the rock types and metamorphic assemblages found in the Great Ruaha River section is given by Mruma (1989) .
We have distinguished two main lithological units in the river section; leucocratic gneiss and mafic amphibolites. All of the rocks contain a strongly developed tectonic foliation (see section 4). The leucocratic gneiss forms the most abundant rock association in the river section and was referred to as the Mbunga River Lithodeme by Mruma (1989) . The gneiss is compositionally banded at a range of scales (cm -100's of metres) (Fig. 3a, d , f, g) and in detail comprises a number of different rock types with varying modal amounts of feldspar, quartz, amphibole and biotite. Amphibolite boudins occur within the leucocratic gneiss and are interpreted as deformed dykes. Throughout the suite, leucocratic gneiss is typically coarse grained and often contains large (2-4 cm diameter) euhedral porphyroclasts of K-feldspar or quartz. In low strain areas the K-feldspar porphyroclasts are euhedral to subhedral and are interpreted as deformed phenocrysts that originated within porphyritic igneous protoliths rather than as porphyroblasts that grew during metamorphism (Vernon and Williams, 1988) .
Also within these low strain areas some of the compositional variation is clearly related to insitu melting and the segregation of leucocratic material. Thin bands of amphibolite and quartzo-feldspathic material that are now largely sub-parallel to the main tectonic foliation cut earlier layers and show igneous cross-cutting relationships.
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A large area of amphibolites is found in the east of the studied river section (Figs. 2 & 4) .
Referred to as the Luhomero Lithodeme by Mruma (1989) , this unit comprises coarse-grained garnet amphibolite that is both compositionally banded and strongly foliated (Fig. 3c ).
Compositional layering is commonly delineated by modal variations in garnet, amphibole and plagioclase. However more leucocratic layers also contain quartz. In places, diopside-bearing granulites related to the earliest phase of metamorphism are preserved in this unit, while further north this unit traces into Yalumba Hill where eclogite-facies metamorphic assemblages are preserved within the overprinting amphibolite facies metamorphism (Mruma, 1989; Möller et al., 1995) . Similar, but less garnetiferous, amphibolites are also seen towards the middle of the studied section (Fig. 4 ).
Volumetrically minor, coarse grained kyanite-garnet gneiss is present and is spatially associated with both major and minor amphibolite units. The mineralogy of these rocks is kyanite, garnet, plagioclase, quartz, biotite, white mica ± staurolite (Mruma, 1989) . This assemblage is typical of metamorphism of pelitic rock compositions and suggests that these lithologies were derived from a sedimentary protolith. Leucocratic gneiss and amphibolites that volumetrically dominate the Isimani Suite have also been interpreted to be of sedimentary origin (Meinhold, 1970; Mruma, 1989) . However, the uniform nature and preserved igneous textures in low strain zones strongly suggest that these rocks originated as igneous rocks.
Structural Geometry and Kinematic Evolution of the Isimani Suite
The structural history of the Isimani Suite can be considered in terms of the development of five principal structural elements. We outline these below in terms of a temporal sequence (D 1-5 ) based on consistent relative age relationships observed in the field. However, some of these principal structural elements record variable geometrical and kinematic complexity.
Although we have chosen to broadly divide the structure of the Isimani Suite into five temporal stages, we emphasise that each principal structural element may have developed through a prolonged period of heterogeneous single or multiple phase deformation. The significance of this heterogeneous deformation is addressed in detail in the discussion. Mruma (1989) .
The second phase of deformation in the Isimani Suite is the ubiquitous development of a strong, mylonitic foliation (S 2 ), often with well-developed mineral elongation lineation (L 2 ) defined by amphiboles, biotite and quartz (Fig. 3b,c,d ). The S 2 foliation is often axial planar to tight to isoclinal folds (F 2 ) that affect S 1 compositional banding (Mruma, 1989) . No systematic relationship between the orientation of F 2 fold hinges and L 2 mineral elongation lineations has been observed (Fig. 4) . In most outcrops, the strong S 2 foliation transposes S 1 so that compositional banding and the mylonitic S 2 foliation are now sub-parallel. Kinematic indicators associated with D 2 are generally well developed, but do show a degree of heterogeneity, therefore, we also recorded a qualitative estimate of our confidence in the observed kinematic structures. δ-and σ-porphyroclasts are the most common kinematic indicators ( Fig. 3c,d ). Shear-bands are also relatively well-developed but cannot be used in isolation as they cannot always be shown to have developed at the time of D 2 deformation (see section on D 4 below). In places kinematic indicators are ambiguous or poorly developed, despite the good development of S 2 and L 2 .
The D 2 deformation observed in the Great Ruaha River section can be subdivided into five distinct structural domains (Fig. 4) . These domains record different structural geometry and kinematic orientations but also correlate with major lithological changes in the river section (Fig. 4) . In most cases the domains are characterised by internally consistent S 2 and L 2 orientations (Fig. 4) . Domain 1 garnet amphibolites in the east of the section, which correlate with eclogite facies rocks further north, record some variability but are dominated by ENE (Fig. 4) .
Consistent kinematics from this domain indicate top-to-N or top-to-NW shearing (Fig. 5) .
To the west, domain 2 has S 2 foliations dipping to the ENE, similar to those in domain 1.
However, L 2 has a distinctly different shallow, NE plunging dip-slip orientation (Fig. 4) .
Well-developed kinematic indicators record a consistent top-to-NE sense of shear throughout this domain (Fig. 5 ). Similar NE-SW oriented L 2 mineral lineations are seen in domain 3 but they lie on SE-dipping S 2 foliations and therefore indicate apparent strike-slip shearing (Fig.   4 ). Kinematic indicators in domain 3 record a top-to-NE sense of shear associated with sinistral wrench kinematics (Fig. 5 ). There is no obvious lithological or structural break observed between domains 2 and 3 and we note a progressive change in orientation of S2 across the domain (Fig. 4) . We interpret the difference between these two domains to reflect reorientation of the S 2 foliation by later deformation. This contrasts with the boundary between domains 1 and 2, which although not exposed in the river section, is seen to cut the post-kinematic Kidete Granite ( Fig. 2 ) and is therefore tectonic in nature. The S 2 foliation in domains 1 and 2 is locally overprinted by folds related to a third stage of deformation (D 3 ) (Fig 3a) . These folds (F 3 ) occur on the scale of a few metres and are close, inclined to overturned, NW verging folds with shallowly plunging NE-SW hinges (Fig. 4) .
The folds affect S 2 and also refold the tight to isoclinal F 2 folds. Axial planar foliations (S 3 )
are commonly developed during F 3 folding. The metamorphic grade of D 3 fabrics are indistinguishable from those developed during D 2 , which may reflect an association with the later stages of D 2 . Occasionally pegmatites lie along the axial planes of F 3 structures.
Although these are not folded and therefore post-date F 3 , there are no relative age relationships between these and subsequent deformation stages. However, it is possible that they intruded at the end of the D 3 deformation event.
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Deformation Stage 4 (D 4 )
Discrete shear zones that cut S 1 compositional banding and both S 2 /S 3 foliations and associated F 2 /F 3 folds are seen throughout the Isimani section (Fig. 3f ). The offset of compositional banding (S 1 ) indicates metre-scale dip separations, though rarely could lineations on the shear surface be measured. In most cases these zones have apparent extensional geometries relative to the present day Earth's surface. The shear zones record plastic-brittle characteristics with discrete shear surfaces and reorientation of external foliations parallel to the shear zone. The shear zones also have different styles depending on whether the host lithology is the felsic to intermediate gneiss or the garnet amphibolite.
In the more felsic gneiss the shear zones are discrete and narrow with complex curviplanar geometries ( Fig. 3f,g ). In any particular area, conjugate geometries are commonly observed (Fig 3g) . In a few cases, antithetic minor extensional structures associated with larger synthetic structures, appear geometrically identical to shearbands or extensional crenulation cleavage and cut the S 2 foliation (Fig 3g) . The presence of D 4 related structures that look geometrically similar to S 2 shearbands means that shearbands alone cannot be safely used to document the kinematic evolution of D 2 deformation.
Similar shear zones in the garnet amphibolite are associated with the retrogression of garnet and hornblende to a greenschist facies assemblages of actinolite, chlorite and plagioclase.
Pseudomorphs after garnet are often deformed immediately adjacent to the shear zone but are undeformed only a few centimetres from the discrete shear surface. This indicates that the zone of retrogression extends beyond the zone of deformation. However, the close spatial relationship between retrogression and deformation suggests that the two processes are linked.
Two outcrop scale extensional structures are exposed in the section. The first occurs at the location of an amphibolite layer in the section and is close to the D 2 domain boundary of domains 3 and 4. The zone is a metre-wide zone of top-to-SE extensional shear that overprints a well-developed S 2 foliation associated with weak top-to-NW kinematics. In the footwall to this structure (top of domain 4) smaller scale top-to-SE structures are also present that may also be related to D 4 deformation. The second extensional structure occurs towards the western end of the section where it reactivates the earlier S 2 foliation. Kinematics in this shear zone are again top-to-SE, indicating an apparent extensional displacement (Fig. 3h) . In both cases, these zones are characterised by greenschist facies mineral assemblages that are now extensively weathered. Therefore we interpret these two shear zones to postdate the higher grade D 3 deformation. As the metamorphism and kinematics associated with the two shear zones are similar to the smaller scale extensional (D 4 ) structures, we have bracketed all of these structures together as D 4 . However, we note that the lack of interaction of smaller and larger scale features means that such an assumption may not be valid.
Deformation Stage 5 (D 5 )
The contact between the Isimani Suite and the Konse Group can be seen in a single continuous outcrop in the river section ( developed synchronously with some of the D 4 structures.
Zircon U-Th-Pb Geochronology
U, Th and Pb isotope measurements from zircons from a leucocratic gneiss of the Isimani Suite and the post-tectonic Kidete Granite were measured to determine igneous crystallisation ages and constrain the age of amphibolite-grade deformation in the Isimani Suite.
Analytical Techniques
Zircons were separated from crushed rock samples by conventional magnetic and methylene iodide liquid separation. Grains were handpicked and mounted in epoxy resin discs that were coated with a thin membrane of gold that produced a resistivity of 10-20 ohms across the disc.
The mounts were then imaged under cathodoluminescence (CL). The resulting images ( Fig.   7 ) highlight distortions in the crystal lattice (Stevens Kalceff et al., 2000) that are related to trace-element distribution and/or radiation damage (e.g. Rubatto and Gebauer, 2000) . Table 1 ). The common Pb component, being largely surface contaminant, was modelled on the composition of Broken Hill ore Pb.
Pb/U isotopic ratios were corrected for instrumental inter-element discrimination using the observed covariation between Pb + /U + and UO + /U + (Hinthorne et al., 1979; Compston et al., 1984) determined from interspersed analyses of the Perth standard zircon CZ3. CZ3 is a single zircon megacryst from Sri Lanka with an age of 564 Ma and a 206 Pb/ 238 U=0.0914 (Nelson, 1997) .
Sample and Zircon Characteristics T01-01 (UTM 37S, 0181224E, 9209045S) is an undeformed two feldspar granite belonging to the Kidete granite (Fig. 2) . This granite cuts the pervasive S 2 fabric of the Isimani felsic gneiss but the relationship of the granite to spatially localised deformations (D 3-5 ) is unclear.
Zircons separated from the Kidete granite are between 100-300 µm long and can be subdivided into three types based on morphology and CL response (Fig. 7a,b ,c & Table 1 ).
Type 1 zircons are euhedral elongate prisms (3-4:1 aspect ratio) which show thin oscillatory zoning under CL and an overall light to dark core to rim transition (Fig. 7a) . Type 2 zircons are subhedral to anhedral and have sub-circular to elliptical cross-sections. Most have a distinct thin highly luminescent rim of zircon (Fig. 7b) . Occasional euhedral dark zircon overgrowths partially surround the grain. Type 3 zircons are complex grains some of which contain distinct zoned cores, a succession of zones rimming the core and occasionally, thin brightly luminescent (Fig. 7c) and broken grains.
T01-24b (UTM 37S, 0182867E, 9210506S) is a granitic gneiss with a pronounced S 2 foliation and L 2 mineral elongation lineation from the Isimani Suite in the Great Ruaha river valley.
Zircons separated from this sample are between 100-400 µm long, subhedral to euhedral grains with a generally light to dark core to rim CL response. Discrete oscillatory-zoned rims occur in some grains and a extremely thin brightly luminescent rims partially surround a number of grains (Fig. 7d ). These bright rims were too thin to analyse.
U-Th-Pb SHRIMP Results
Results of U and Pb isotope analysis of zircons from T01-01 largely plot along two discordia lines on a concordia diagram (Table 1 ; Fig. 8a ). The younger of these discordia lines has upper and lower concordia intercepts at 1877 ± 7 and 42 ± 54 Ma respectively (MSWD = 1.7). All analyses that lie on this discordia are from Type 1 zircons (see below). The euhedral form of these grains, oscillatory-banding under CL and the young age of the zircons suggest that the upper intercept age of 1877 ± 7 Ma represents the crystallisation of this post-tectonic granite. The older discordia is less well constrained with upper and lower concordia intercepts of 2698 ± 15 and 200 ± 230 Ma respectively (MSWD = 5.1). Type 2 zircons make up most of these analyses with two analyses from the cores of type 1 grains. The upper intercept of this discordia is identical (within error) to the crystallisation age of the population of zircons in sample T01-24b (see below) and therefore these grains are interpreted as locally derived xenocrysts from the Isimani gneiss. Two older grains include a core analysis from a complex Type 3 grain (Fig. 7c) (Fig. 8b) . This large age range could indicate either: 1) a sedimentary protolith, this interpretation is discounted here by the extensive, uniform lithology of the outcrop and the preservation of igneous feldspar phenocrysts in low-strain zones; 2) diverse and populous xenocrysts in a ~2400 Ma intrusion, an unlikely scenario considering the scarcity of the younger zircons; or 3) the structural imbricating of minor amounts of younger granitic material within this mylonitic gneiss.
The results of the U-Pb SHRIMP study of these two samples from the Usagaran orogen constrain the pervasive, high-strain ductile deformation in the Isimani Suite to between at least 2705 ± 11 and 1877 ± 7 Ma. In addition, the similarity in age between the protolith of the Isimani granite gneiss and the xenocrysts in the post-tectonic Kidete granite (samples from ~2 km apart) suggest that much of the felsic component of the Isimani Suite is ~2.7 Ga, considerably older than the ~2.0 Ga eclogite-facies metamorphism but similar to crustalresidence ages (O'Nions et al., 1983) reported for the Isimani Suite based on Nd isotopic date (Möller et al., 1998) .
Discussion
Structural Evolution of the Isimani Suite
The Isimani Suite of the Usagaran Orogen records a complex structural history, which we have subdivided into five 'events'. The first phase of deformation resulted in the formation of a planar compositional fabric and subparallel foliation (S 1 senses of shear. In some cases, for example between domains 2 and 3, the variation appears to be the result of a subsequent reorientation of the S 2 foliation (Fig. 5) . However, in most cases the relationship between these different domains is not so clear and is often masked by later localised deformation at greenschist facies conditions (D 4 and D 5 ). These features indicate strain localisation or partitioning within the evolving high strain zone that can be explained by three end-member models. We suggest that a component of each of these end-members is responsible in the structural evolution of the Isimani Suite (Fig. 9 ).
Model 1: General Shear
General shear (e.g. transpression) can lead to considerable geometric and kinematic complexity in high strain zones (Harland, 1971) , especially when the pure and simple shear components of the general shear deformation are partitioned with respect to space and time (Dewey et al., 1998) . As a result, discrete zones with differing S 2 /L 2 geometries may develop in zones deforming at the same time. In a high strain zone where the convergence angle of the blocks either side of the deforming zone are <20° and there is no strain localisation, the differential accommodation of pure and simple shear strain components may lead to the formation of a mineral lineation that may then progressively diminish and begin to form in a new orientation (Tikoff and Greene, 1997; Fossen and Tikoff, 1998) . As a result, mineral elongation direction may change direction (through 90°) and intensity with increasing strain, while recording consistent shear sense throughout the deformation.
If strain is localised into discrete zones accommodating different amounts of pure and simple shear, zones accommodating pure shear deformation must stretch parallel to the high strain zone margin and differential stretching of pure and simple shear domains must be accommodated (e.g. Dewey et al, 1998) . In such a model, we would expect to see discrete zones dominated by simple shear and consistent kinematic indicators interspersed with domains with orthorhombic symmetries and no discernable shear sense. This is seen in the studied section, with zones of ambiguous kinematics (top of domain 4) adjacent to domains with a consistent shear sense (domain 3) (Fig 9) . In this model, different lineation orientations could develop in the different domains depending on the degree and orientation of stretch within the pure and simple shear domains. If pure shear maximum stretch were parallel to the shear direction in adjacent domains then a constant lineation direction would be seen in the different high strain domains. Orthogonal lineation orientations would be seen if pure shear stretch was perpendicular to the shear direction.
In the domains studied here, there are systematic variations in the orientation of L 2 throughout the section. However, the orientation of L 2 on the S 2 foliation surface always appears to be parallel to the shear direction that can be inferred by the monoclinic symmetry of kinematic indicators (Fig. 9) . We have been unable to demonstrate any situations where the shear direction was oriented at angles strongly oblique to L 2 . Therefore, we cannot argue that the variation in lineation orientations we see are related to the localisation of pure and simple shear components of a general shear deformation. The different orientations of L 2 in the different domains correlate with differing simple shear directions in these different domains.
To explain our observations by a general shear model requires there to be partitioning of the deformation into at least two non-coaxial zones of deformation which have kinematic orientations that are currently both strike-parallel (top-to-NE) and highly oblique (top-to-NW) to the orogen (Fig. 9) . The partitioning of deformation into contemporaneous strike-parallel and strike-normal motions in obliquely convergent orogens is recognised from field studies (Suarez et al., 1983; Mount and Suppe, 1992) , is predicted on theoretical grounds (Molnar, 1992; Platt, 1993b) and has been shown by experiment (Richard and Cobbold, 1990; Braun and Beaumont, 1995) . As a consequence, such partitioning is often used as evidence for transpressional orogenesis.
Model 2: Reworking during a Single Progressive Deformation
The and that the kinematics of the deformation can also change during progressive deformation (Reddy et al., 1999) . At this stage, the geochronological data that could support this model do not exist. Although we argue that this type of reworking is important we are currently unable to assess the possibility of reworking of early D 2 structural elements by younger D 2 elements formed under similar pressure and temperature conditions.
Model 3: Reactivation
A third model that may explain the different D 2 structural orientation between domains is one in which the domains are juxtaposed by narrow zones of younger deformation which reactivate the older D 2 structure. The boundary between domains 4 & 5 is marked by a greenschist facies extensional shear zone that has a different kinematic sense to adjacent amphibolite facies rocks and must have developed after D 2 structures. The contact between domains 1 & 2 was not exposed in the section studied here. However, Mruma (1989) reports that the contact between domains 1 and 2 is tectonic in origin and regional mapping (Fig. 2) indicates that this contact cuts the 1877 ± 7 Ma Kidete Granite (Figs. 2 & 9 ). Many domain contacts are therefore demonstrably zones of younger localised strain that post-date D 2 (Fig.   9 ). The variable geometry and kinematics of the D 2 deformation may therefore reflect juxtaposition by later deformation. This could explain the orogen oblique kinematics preserved in domain 1, but seems unlikely to account for the difference between domains 2 and 3, or between domains 3 and 4 where a 90° rotation around a rotation axis perpendicular to the D 4 structure would be required. Although possible, we see no evidence to support such a large rotation.
In summary, we conclude that D 2 records a complex geometric and kinematic evolution. In part this reflects modification by later greenschist facies structures (Fig. 9) . However, it is also possible that spatial and temporal strain localisation during general shear and the reworking of early formed D 2 structures by later parts of the D 2 deformation path (Fig. 9) played a significant role in the domainal structure of D 2 deformation. Therefore, the data are broadly consistent with the D 2 kinematic domains developing during progressive deformation within an obliquely convergent sinistral transpressional system ( Isimani Suite over the Konse Group along the Great Ruaha river section (Fig. 5) . However, to the south of this section, the Konse Group was mapped as unconformably overlying the Isimani Suite (Whittingham, 1959) . This relationship was disputed by Meinhold (1970) , who interpreted the Konse and Isimani and time-equivalent units differentiated only by metamorphic facies. However, detailed mapping by Mruma (1989) Within this framework it is difficult to assess the relative timing and tectonic significance of the D 4 extensional shear zones and associated greenschist facies metamorphic conditions.
Greenschist facies conditions may be related to retrograde metamorphism associated with initial exhumation of the Isimani rocks. In this case we would expect Palaeoproterozoic deformation ages, otherwise eclogite facies mineral assemblages would not be preserved.
Alternatively, the deformation may be related to the second stage of greenschist facies metamorphism and may have occurred synchronously with D 5 thrusting. The age of this second greenschist facies event, responsible for the peak metamorphic conditions in the Konse Group, is currently unknown. Mruma (1989) correlated the main structure (D 1 ) in the Konse Group with the Isimani Suite deformation we refer to as D 2 and therefore inferred that the greenschist facies Konse Group metamorphism was Palaeoproterozoic in age. This correlation is based on structural geometry and ignores the difference in metamorphic grade.
Our data from the Isimani Suite indicate that D 2 and D 4 structures are broadly subparallel and therefore that the coincidence of structural geometry can not be used as evidence that the structures developed contemporaneously. K-Ar biotite ages and Rb-Sr biotite-whole rock isochrons from the Usagaran Orogen (Wendt et al., 1972) have also been used to argue that greenschist facies metamorphism in the Konse Group was of Palaeoproterozoic age (Gabert, 1973; Gabert and Wendt, 1974) . However, the two published Rb-Sr ages from the Ruaha river section (Wendt et al., 1972 ) recalculated using presently accepted decay constants produce ages of 1803 ± 25 Ma and 432 ± 5 Ma. K-Ar data are unable to discriminate the presence of excess 40 Ar and metamorphic biotite commonly contains an excess 40 Ar component (Roddick et al., 1980) . Because of the uncertainty in both the Rb-Sr biotite-whole rock and K-Ar techniques it is possible that the age of greenschist facies metamorphism in the study region could be much younger than the reported Palaeoproterozoic ages. Indeed, it is possible that the greenschist facies metamorphism is related to the East African Orogen, a suggestion supported by the lower intercept of a multi-phase U-Th-Pb discordia line from the Isimani gneisses of 501 ± 26 Ma (Möller et al., 1995) . Currently, there are no structural criteria available to discriminate between these two possibilities but ongoing geochronological work will address these issues further.
Implications for the Tectonic Evolution of the Usagaran Orogen U-Pb zircon data from an Isimanian leucocratic gneiss and presumed Isimanian xenocrysts in a later intrusion both yield concordant ages that indicate Archaean crystallisation of the original protoliths at c. 2.7 Ga.. This age lies within the range of published Usagaran and Tanzanian craton Nd model ages (Ben Othman et al., 1984; Maboko, 1995; Maboko and Nakamura, 1996; Möller et al., 1998; Maboko, 2000) and confirms that the Usagaran Orogen comprises reworked Archaean material of similar age as the Tanzanian craton. Similar rock types, with similar mylonitic foliations, similar Nd model ages and high pressure mineral assemblages, can be traced for at least 50 km to the east of the region studied here. In addition, gneisses exposed 150 km to the east in the Uluguru mountains ( Fig. 1 ) contain 2.7
Ga zircons interpreted to reflect the protolith intrusion age (Muhongo et al., 2001 ) and preserve Nd and Pb isotopic values consistent with Archaean crust reworked in Proterozoic times (Maboko, 1995; Möller et al., 1995; Stern, 2002) . The area to the east of the Tanzanian
Craton therefore comprises a large volume of Archaean material formed around 2.7 Ga ago and subsequently reworked in the Palaeoproterozoic Usagaran and Neoproterozoic East African orogens.
Eclogite facies metamorphism of MORB-like mafic rocks preserved in the Isimani Suite of the Usagaran Orogen has been interpreted to reflect the subduction of ~2.0 Ga oceanic crust (Möller et al., 1995) . Thermobarometrical and geochronological data from elsewhere in the Usagaran Orogen, and from the contiguous Ubendian Orogen, have been interpreted to reflect SE-dipping subduction along an Andean-type convergent margin at this time (Ring et al., 1997) . In the northern Usagaran Orogen, garnet amphibolite rocks that represent retrogressed eclogites form a number of slab-like bodies that are completely surrounded by mineralogically homogenous leucocratic gneisses that crystallised at ~2.7 Ga. The observed association in the Isimani Suite of mafic gneiss, metapelite and voluminous granitoid gneiss of uniform age is not one that would be expected in an intra-ocean or ocean-margin subduction/accretion complex where exotic material of diverse origin, rock type and age are 
Conclusions
High strain amphibolite-facies deformation in the Isimani Suite of the Usagaran Orogen, 202. subdivisions are after Mruma (1989) and Whittingham (1954) . The box indicates the location of the study area and corresponds to the boundaries of Figs. 4 and 5. Yalumba Hill, along strike of the rocks studied here, contains well preserved eclogite-facies assemblages (Möller et al., 1995) . Table 1 ) from Kidete Hill intrusion. Euhedral form with narrow oscillatory CL zones demonstrating a broad light to dark, core to rim transition. b) A subhedral Type 2 zircon (analysis 21 in Table 1 ): a xenocryst core rimmed with a thin mantle of brightly luminescing zircon. c) A complex xenocryst (Type 3, grain "b" in Table 1 ) with a core of Archaean zircon mantled with <80 Ma younger zircon in a complex series of overlapping rims. d) Three zircons from T01-24b, Isimani granitic gneiss. Numbers refer to analyses spots detailed in Table 1 . Numbers refer to analyses in Table 1 . The apparently younger cores in both these dated grains correlate with high U+Th contents and probably reflect partial resetting during annealing of metamict zircon. one very precise line is based primarily on Type 1 zircons, the upper intercept is interpreted to date the crystallisation age of the granite. The older discordia is less well constrained, but is identical (within error) to the age of the Isimani granite gneiss (T01-24b; Fig. 8b ). b) U-Pb concordia plot of zircons from sample T01-24b. The filled ellipses were not used to construct the discordia curve, and are interpreted either as xenocrysts incorporated in the original magma or as discordant grains that lost Pb during the Neoproterozoic East African Orogeny.
Figures Captions
Inset shows a cumulative probability plot of 207 Pb/ 206 Pb ages that are <10% discordant, both histograms and Gaussian relative probability curves are shown, the y-axis scale refers to the histogram. The plot illustrates that there is a significant spread in age of the grains that define the upper discordia/concordia intercept suggesting one extended period, or multiple periods of zircon formation. 
